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METALLURGY OFGOLD
BROWN.

METALLURGY OF GOLD.
PROBLEM
Required, description of processes and machinery
used in Extraction of Gold (and Silver) from
earthy or siliceous ores as found in California
Ores represented by following:-S i0 2
91.44
S(Zn,Pb)-Cu2S
1.38
Al20 3, FeO &c
6.39
Au
.0017} Variable in 1st and
Ag2S
.12
} 2d classores.
1°--The methods &c. employed in treating 1°
class ore (i.e. such as exceed in value $150 per ton)
2°--The methods &c. in treating 2° class ore, such
as contain less than $150 per ton.~
Give in detail the chemistry of each process
described; also illustrated by drawings of
machinery for crushing, separating, retorting,
melting, casting &c. including the separation
of the gold from the silver.
Give as nearly as possible the commercial
value of all products and by-products.

I. Treatment of First class Ores, or those containing
more than $150 in gold and silver.
In these ores the gold and silver exist
in combinations which render them unfit for
treatment by simply grinding and amalgamation.
They require a chloridizing roasting
after which they are amalgamated in
barrels.
The ore is first reduced to a suitable
size for stamping, and then dried. The drying
kiln consists of a series of flues, covered
by a cast-iron floor on which the ore is spread
to a depth of about 5 inches. The kiln has a
fire place at one end and a stack at
the other so that the heat passes from one
end to the other under the iron floor on
which the ore is placed. The ore is raked
and turned till quite dry. Three kilns, capable
of drying twenty-five tons would require
one-half a cord of wood in twenty-four hours.
This could be saved by so placing the kiln
that the heat from the roasting reverberatories
should pass through the flues on its
way to the stack.
The ores after drying are crushed (dry) in
stampmills similar to that shown in Plate
The stamp battery must be enclosed so that
the dust from the ore will be retained.

The ore is driven through screens placed at
the back and front of the stamp, and the
enclosure is provided with doors through which
the ore can be removed by shoveling into
wheel-barrows. The screens used are of brass
wire-cloth having forty meshes to the lineal
inch. The stamps crush from a half to one
ton per head per day of twenty-four hours.
Roasting. The fine ore is then roasted
with salt in reverberatory furnaces. These
are built of common red brick. The form
is shown by Fig.’s 1 and 2 on Plate I.
Fig. 1 is a horizontal section through the line AB
Fig. 2. In the drawings, H is the hearth; D,
the sliming[?] door; d, the discharge door; G, the
grate; C, the bridge; F, the flues; P, the ash
pit; and J, the hopper. The charge consists
of 1000 lbs. of ore, which is mixed with 6%
of salt, the latter being added to the charge
in the hopper by which the furnace is supplied.
The charge is heated very gently at first,
the temperature being gradually raised,
until at the end it is subjected to a high
heat. About six hours are required for
the roasting, and during this time it is
constantly stirred; being turned once or twice,
that is, the ore next to the fire-bridge is
made to exchange places with that which

is more remote.
The chemical changes effected by thus
roasting with salt are as follows; First,
an oxidation of the metallic compounds,
converting the sulphides, in which form
the silver chiefly exists in the ore, to sulphates;
and second, the subsequent decomposition
of these combinations by the salt,
with the formation of the chlorides of the
metals. Sometimes an addition of limestone
is made to the charge, for the purpose
of decomposing the chlorides of copper,
zinc, &c., this preventing, to some extent,
their subsequent amalgamation in the
barrel, and obtaining bullion of a purer
quality. Each furnace, roasting four charges
of 1000 lbs. each, or two tons, in twenty-four
hours, consumes one cord of wood.
Two stirrers are employed on each twelvehour shift making four men in twenty-four
hours. One man is required to receive
and attend to the ore on the cooling floor,
after its discharge. One man can attend
to more than furnace.
The roasted ore is then passed again,
through a sieve having 1600 holes to the
square inch, in order to remove any lumps
that may have formed by caking in the
furnace, or coarse particles that may have

escaped the battery screen. It is then
elevated to a large hopper, placed above the
amalgamation barrels, to which latter it
is thence supplied by means of smaller
hoppers, one of which is suspended over
each barrel.
Barrel Amalgamation.
The barrels are 4 or 5 feet in length
and diameter, and are usually made
of soft pine. Fig’s 3 and 4 on Plate I
show a vertical section and end view
of an amalgamating barrel, formerly used
at the Gould and Curry mill. The ends
of the barrel are made of plank, nicely
fitted together and joined with a tongue
of hard wood. The staves of the barrel
are sometimes made of six-inch stuff,
with out lining; and sometimes, as shown
in the drawings, the staves are 2 or 3
inches thick, with an interior lining of
blocks 4 or 5 inches square, and 3 or 4 inches
thick, and so placed in the barrel that the
end is on the end of the grain. This lining
can be replaced when worn out. The staves
are bound with iron hoops, and the ends of the
barrel are strengthened by a four-armed
flange of cast iron. The barrel is driven by
cog-gearing the teeth being put on in segments,

around the end of the barrel; or by belting.
Fig. 3 Plate I. shows a contrivance for
admitting steam to the pulp through the
trunnion. The arrangement consists of a steam
pipe, p, which enters the trunnion and
fits smoothly against the end of another
pipe, q, which passes through the end of
the barrel and admits steam to the
interior. This interior pipe, q, revolves with
the trunnion, while the exterior pipe, p,
remains fixed. The trunnion’s T.T are
keyed to the flanges already referred to.
The barrels are charged with 2000
lbs. of ore mixed with enough water to
make a moderately thick paste. Before
adding mercury, the charge is revolved
for two or three hours in the barrel with
several hundred pounds of scrap iron.
The object of this is to effect a partial
reduction of the chlorides present, which
would otherwise be performed at the
expense of the quicksilver.
The chloride of silver is partly [redujced
by the metallic iron, and subsequently
amalgamated by the quicksilver. The same is true
of the lead and copper. Quicksilver is added
according to the richness of the ore, usually
varying from 250 to 500 or more pounds.
The barrel is run two hours, at twelve or

fifteen revolutions per minute and then
examined to ascertain the consistency of the
paste. If it is too thin, the quicksilver settles to
the bottom. This condition is remedied by the
addition of more roasted ore. If, on the contrary, the
paste is too thick for the most favorable
distribution of the quicksilver, more water is added.
The barrel is then allowed to revolve for fourteen
hours at fifteen revolutions per minute. The
whole time occupied from the charging to the
discharging of the barrels is eighteen or twenty
hours. When the amalgamation is complete
the paste is thinned by the addition of water,
and the quicksilver and amalgam are
thus allowed to settle on the bottom of the
barrel. Below the barrels is a large hopper or
funnel-shaped contrivance, sloping down
from the four sides to a common center. When
a barrel is to be discharged, a small plug
in the side is loosened while it is turned
upward, and when the barrel is revolved
so that the plug is downward, it is withdrawn
by hand. The quicksilver and amalgam
are allowed to run till the pulp begins
to follow, when the plug is replaced. When
all the barrels, ready, are discharged, the amalgam
in the hopper is carefully collected and
washed. The washing is effected in small

cast-iron pans, having arms revolving and
carrying plows or stirrers. Plenty of clean water
is added while dissolves out the impurities.
The quicksilver is then strained from the
amalgam, and again used in the barrels.
The strainer used is a conical canvas bag
suspended in a hoop. The quicksilver and amalgam
are put into the bag, and the free quicksilver
forced out by twisting the bag. This leaves
the amalgam in a compact ball ready
for the retort.
The retort used in Nevada is a castiron cylinder, one and a half inches thick, twelve
inches inner diameter and three to five feet
long. The open end of the retort, or the end by
which the charge is introduced, is cast with
a flange or hood into which the door or cover
of the retort is fitted. Within the cylindric
portion of this flange or hood, are two inclined
lugs opposite each other. A bar or bale, turning
upon a pin in the center of the door, holds it
firmly in its place by the ends of the bar being
turned under the inclined lugs.
When charged the joint between the door
and the bottom of the flange, is made tight
by clay luting. The opposite end of the retort
is usually made conoidal in shape.
In such case the cylindrical portion is three
feet long, at which point the conoidal neck

is gradually diminished to two and a half
inches at the extreme end of the retort, from
which an exhaust pipe passes downward
through a Liebig condensor, and passes into
the water in a receiver enough to prevent the
access of air; but not enough to allow the
water to be drawn up into the heated retort
under any circumstances.
The retort is set in a brick furnace of simple
construction, sometimes supported by a brick
arch, through which a number of flues allow
the passage of the heat from the fire place
below, some times resting on cross bars of iron,
the ends of which are fixed in the brick
sides of the furnace. Directly under the retort
extending under its whole length, is the
fire box and ash-pit. Above it is an arch from
the top of which flues lead to the stack.
The back of the furnace may be closed by
doors or built up with temporary brick-work
while the sublimation is going on. The retort
is furnished with amalgam trays having a
semicircular shape adapted to the bottom
of the cylinder. These are of such a size
that they may be conveniently handled
when loaded with amalgam. In some
cases the amalgam is placed directly on
the bottom of the retort. Before introducing

the amalgam into the trays or retorts, the
surface of the latter is coated with a thin wash
of clay or slime; or whiting, wood ashes or paper
may be used, and are recommended as being
less liable to choke the pores of the bullion.
The retort must not be heated too hot at
first; for if that is done, the surface of the
bullion in contact with the retort, is liable
to fuse and thus prevent the escape of the
quicksilver from the interior of the mass.
The charge is about 1200 pounds, and the
firing occupies about eight hours. When the
quicksilver ceases to volatilize, the retort is
gradually cooled down and the bullion
withdrawn. A charge of 1200 pounds usually
produces about 200 pounds of crude bullion.
The crude bullion is broken up, melted and
cast in molds the shape of a brick but larger.
It is then ready for market. The loss in
melting is between two and three per cent.
The ingots are assayed, and their fineness
expressing the proportion of gold and silver in
thousandths, as well as their coin value in
dollars and cents, stamped upon them.

Treatment of Second class Ore.
These ores being worth less than $150 per ton, and
averaging not more than one-third or onefourth of that, require a less expensive system
for their profitable treatment, than is required for
first class, or high grade ores.
As in the treatment of first class ores,
the operation is to reduce the rock to a
suitable size for the stamp mill. This is done
as before by means of hand hammers or a
rock crusher usually the Blake. Then the
operations performed, are as follows:(1) . Crushing by means of stamp mills.
(2) . Collecting the pulp from the stamp, in tanks
(3) . Grinding and amalgamating in pans.
(4) . Settling, or recovering the amalgam which
passes out of the pans in the pulp.
1.-- Crushing. The stampmill generally
used is represented in Plate II. Fig-1, is
an elevation and partial section. Fig-2, is
a transverse section of a Colorado Stamp
Mill. It consist essentially of a series of
heavy stamps or pestles, raised by cams and
allowed to drop into an iron mortar into
which the ore is thrown. The stamps vary
in weight from 500 to 1000 pounds an
ordinary weight being 650 pounds. They
are lifted and drop about 8 or 9 inches, and

make from 70 to 90 blows per minute. They
are arranged usually in batteries [of five]
which consist, each, of one mortar with
usually five stamps. W et crushing is
always employed for these ores; that is, a
stream of water is a admitted to the m ortar
with the ore, and, flowing off, carries with
it the pulverized ore as soon as it is
reduced in size sufficiently to pass through
the screens placed in front of the discharging
operations of the mortar. The stamps
heads do not rise out of the water.
The screens through which the crushed
material is discharged from the mortar are
of wire cloth, having 35 or 40 meshes to the
linear inch, or more frequently of Russia
sheet-iron, perforated with fine holes.
Formerly the amalgamation was
carried on in the mortar, a supply of
quicksilver fo r that purpose being introduced
with the ore into the mortar. This feature
is now given up in the W ashoe
district. The stuff being discharged
from the battery is conveyed in troughs
by means of the flowing water to settling
tanks, of which there is a series placed in
front of the batteries. These tanks are
usually built of plank, are 3 or 4 feet
by 5 or 6 or more feet square, and are so

arranged as to have communication with
each other near the top, so that the stream
carrying the crushed ore in suspension,
having filled one tank may pass into the next
and so on through several, depositing the
material and not finally leaving the tanks
till it becomes tolerably clear. The number
of tanks must be sufficient to allow of a
certain portion being emptied while others
are receiving their supply, and the
conveying troughs are provided with gates
so arranged that the stream can be
admitted to one portion of the tanks and
shut off from the other at pleasure. The
stream, having deposited in these tanks
the bulk of the material, is still charged with
slimes, or rock reduced to an impalpably fine
condition, which is only settled by a slow process.
For this purpose the stream is sometimes
allowed to pass through other large settling tanks,
or to slowly deposit its charge in a pond
or dam outside the mill, where such an
arrangement is possible. These slimes form
a variable and in some mills a large per centage
of the ore crushed. They consist largely of the
undecomposed sulphides of the ore, and have a
high assay value. When one or more of the
settling tanks are full, the stream is diverted to

others, and the full ones are in their turn
cleaned out, the sand or crushed ore being
then subjected to the grinding and
amalgamating process of the pan.
Grinding and Amalgamation.
WHEELER PAN.
PLATE. Ill
The pans employed for this purpose
present a great variety in the details of
construction. The common features are
a round tub, usually of cast iron, but
sometimes with wooden side, 4 to 6 feet in
diameter and about 2 feet deep, having
a hollow pillar cast in the center, within
which is an upright shaft, projecting above
the top of the pillar that may be set in revolution
by means of gearing below the pan. To the
top of this shaft is attached by means of a
key or feather, a yoke or driver by which
the muller or upper grinding surface is
set in motion. To the bottom of the pan
on the inside is fixed a false bottom of
iron cast either in sections, commonly called
dies, or in one piece having a diameter
a little less than that of the pan, and
with a hole in the center adopted to the
central pillar. The muller forming the
upper grinding surface, is usually a circular
plate of iron corresponding in size
and form to the false bottom just described

having a diameter nearly equal to that of
the pan, and a flat, conical, or conoidal form,
corresponding with the shape of the pan bottom.
Its under side is furnished with
shoes or facings of iron, about an inch thick
that may be removed when worn down
and replaced by new. Some pans are cast
with a hollow chamber, an inch or two deep in
the bottom, for the admission of steam in
order to heat the pulp, while others employ
only “live steam”, which is delivered
directly into the pulp by a pipe for that
purpose.
The operation of the pan, consists
in the further reduction or grinding
of the stamped rock to a fine pulp and in
the extraction of the precious metals by
amalgamation with quicksilver.
The charge for a single operation varies
from 600 or 800 to 4000 or 5000 pounds,
according to the size of the pan, the ordinary
charge being 1200 to 1500 pounds.
In charging the pan, the muller is raised
a little from the bottom, so as to revolve
freely at first, water is supplied
by a hose pipe, and at the same time
the sand is thrown into the pan with a
shovel. Steam is admitted either to the
steam chamber or directly into the pulp.

The temperature should be kept at or near
200° F. and the pulp should be sufficiently
liquid to be kept in free circulation, yet
thick enough to carry in suspension
throughout its whole mass, the finely
divided globules of quicksilver. Sometimes
both methods of heating are employed in
the same pans, the temperature being
first raised with each charge by live
steam, afterwards sustained by admitting
steam from the exhaust to the chamber only.
All pans should be provided with wooden
covers to assist in retaining the
heat. If the charge should become too
liquid by the use of direct steam, the
supply of steam should be cut off and the
covers removed to allow the water to evaporate,
at the same time keeping up the
desired temperature by steam in
the chamber. The muller is gradually
lowered after the commencement of the
grinding operation, and is allowed to
make 60 or 70 revolutions per minute.
In the course of an hour or two the sand
should be reduced to a fine pulpy condition.
W hen this has been accomplished,
and by some even at the beginning, of
the operation, a supply of quick silver is
introduced into the pan, the muller

is slightly raised to avoid too great friction
and the action continued fo r two hours
longer, during which the am algamation
is in progress. The quicksilver is supplied by
pressing through canvass so as to scatter
it upon the pulp in a finely divided condition.
The amount usually added is
60 or 70 pounds to a charge of 1200 or 1500
pounds. To promote amalgamation it is
a custom to add to the charge certain
materials generally described as “chem icals”.
A great many substances have been
used, but the list has been reduced to
sulphate of copper and salt. It is not
entirely settled yet as to their efficacy
but, if they have any action it seems
that the theory of Sonnenschmidt. He
claims that the salt and sulphate of
copper react on each other, and produce
sulphate of soda, which is neutral in
its action, and chloride of copper. This
latter salt then acts upon the
argentiferous sulphide, and yields chloride
of silver, sub-chloride of copper, and free
sulphur. The sub chloride reduces a
second portion of the sulphide of silver,
and causes the form ation of an additional
am ount of the silver chloride, and
sub-sulphide of copper. The silver salt

is then attacked by the mercury; calomel,
or sub chloride of mercury, is produced,
while metallic silver is set free, which
combines with a second portion of the
mercury, as amalgam. The following
chemical equations show the reactions:
2 NaCI + CuS04 = Na2S 04 + CuCI2
CuCI2 + AgS = AgCI + CuCI + S
CuCI + AgS = AgCI + CuS
AgCI + 2 Hg = AgHg + HgCI.
The quantity used varies from one-fourth
or one-half pound up to three or four pounds
per charge. Two hours having been devoted
to the grinding, and two or three more
to amalgamation, the pan is discharged
and its contents received by a settler
or separator. The discharge of the pan
is usually aided by a supply of water,
which dilutes the pulp, and allows it
to run freely from the pan into the
settler. The pan being emptied and partly
washed out by the stream of water, is
again charged with a fresh quantity
of sand and the grinding operation
resumed with out delay.
Settlers or Separators. These like the
pans differ in details of construction, but
they are usually round tubs of iron or
of wood with cast-iron bottoms, resembling

7

the pans in general features, but larger in
diameter. They have the hollow pillar
cast in the center of the bottom, with the
vertical shaft, having a yoke or driver
attached at the top; the same as the
pans but instead of the solid muller
of the pan, the separator has radial
arms extending to the circumference
of the vessels. The arms carry a number
of plows, or stirrers, of various devices,
usually terminating in blocks of hard wood,
that rest lightly on the bottom. No
grinding is required in the operation,
but a gentle stirring or agitation of
the pulp is desired in order to facilitate
the settling of the amalgam and
quicksilver. The stirring apparatus or
muller makes about fifteen revolutions
per minute. The settler is usually placed
directly in front of the pan and on
a lower level so that the pan is readily
discharged into it. Sometimes two
pans are discharged into one settler,
the operation of settling occupying
four hours, or the time required by the pan
to grind and amalgamate another
charge. Again the settling is only
allowed two hours, and the two pans
connected with any one settler are discharge

alternately. The consistency of the pulp
in the settler is considerably diluted by
the water used in discharging the
pan, and by a further supply, which in
many mills is kept up during the settling
operation. Sometimes the pulp is brought
from the pan into the settler with the
addition of as little water as possible, and
allowed to settle for a time by the gentle
agitation of the slowly revolving muller,
after which cold water is added in a
constant stream. The quantity of w ater
used, affecting the consistency of the pulp,
and the speed of the stirring apparatus
are important matters in the operation
of settling. Since the object of the process
is to allow the quicksilver and amalgam to
separate themselves from the pulp and
settle to the bottom of the vessel, it is
desirable that the consistency should be
such that the lighter particles may be
kept in suspension by the gentle
movement, while the heavier particles fall to
the bottom. If the pulp is too thick, the metal
will remain suspended; if it be too
thin the sand will settle with it. Too
rapid or too slow may produce results
sim ilar to the above.
A discharge hole, near the top of the settler,

permits the w ater carrying the lighter
portions of pulp to run off, and at successive
intervals the point of discharge is lowered
by withdrawing the plugs from a series
of holes, in the side of the settler, one below
the other, so that finally the entire mass
is drawn off, leaving nothing in the settler
but the quicksilver and amalgam. There are
various methods for discharging these.
Usually there is a groove or canal in the
bottom of the vessel, leading to a bowl from
which the fluid amalgam may dipped or
allowed to run out by withdrawing the
plug from an outlet pipe in the bottom
of the bowl. The amalgam thus obtained
is washed, strained, retorted and melted
as before described fo r the amalgam
from the barrel amalgamation of the
first class ores.
Separation of Gold and Silver.
The bullion produced by the above processes
contains lead, silver and gold. The next
operation necessary is to separate these metals.
A good way is by dissolving the silver
and lead from the granulated bullion
by means of nitric acid. The residue of
gold is treated with aqua regia and the
solution of gold thus obtained is precipitated

by ferrous sulphate. The precipitate of
m etallic gold is melted with borax and
nitrate of potassa and cast into ingots,
assayed and stamped with its value.
The solution containing the silver
and lead is evaporated to dryness, the
residue smelted for silver; and the lead
cupelled, producing litharge and nearly
pure silver.
W ilton R. Brown.
Feb. 18. 1878
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